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ABSTRACT

A battery device, including a negative electrode; an air elec-
trode; an electrolyte layer that is positioned between the nega-
tive electrode and the air electrode; a first current collector on
a first surface of the air electrode closest to the negative
electrode; and a second current collector on a second surface
of the air electrode positioned opposite to the negative elec-
trode; where the first current collector and the second current
collector are each electrically connected to the air electrode.
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AIR BATTERY, METHOD OF USING AN AIR
BATTERY, AND ELECTRONIC DEVICE

BACKGROUND

[0001] In air batteries (also referred to as metal-air batter-
ies), a metal having high energy density can be used as a
negative electrode active material, and oxygen in the air is
used as a positive electrode active material. Thus, air batteries
may operate as a half battery, and the amount of electrode
active material may be reduced or halved. Accordingly, air
batteries may theoretically obtain an improved energy den-
sity. The electromotive force and capacity of air batteries
differ greatly depending on the kind of metal that is used for
the negative electrode. For example, research has been con-
ducted into practical applications of air batteries in which
lithium (i.e., a metal with the smallest atomic number) is used
for a negative electrode because a large capacity may be
obtained, as well as improved theoretical electromotive force
as large as approximately 3 V.

[0002] An air battery may include an air electrode (positive
electrode), a negative electrode, an electrolyte layer, and a
housing provided with an opening through which oxygen is
taken in from the outside, for example. In certain embodi-
ments, the air electrode is formed from a carbon material and
acatalyst, such as a metal, that is added to the carbon material,
in a reaction field of oxygen. As described above, the negative
electrode may be formed from a metal element such as
lithium. An electrolytic solution that is used for the electrolyte
layer is broadly classified into an organic electrolytic solution
and an aqueous electrolytic solution. Various electrolytic
solutions have advantages and disadvantages. However, an
organic electrolytic solution has the advantage that the theo-
retical capacity is larger than that of an aqueous electrolytic
solution. In addition, the electrolyte layer may be formed
from a separator impregnated with the electrolytic solution to
prevent a short between the air electrode and the negative
electrode.

[0003] In air batteries in the prior art, a metallic mesh for
current collection is provided on an oxygen intake surface of
the air electrode, and during charging and discharging, a
voltage, which is positive with respect to the negative elec-
trode, is applied to the metallic mesh.

SUMMARY

[0004] However, air batteries are problematic in that, dur-
ing discharging, when a voltage that is positive with respect to
the negative electrode, is applied to the metallic mesh pro-
vided on the oxygen intake surface of the air electrode, an
insulating discharge product (reaction product) (such as
Li,0,, Li,O, or other Li products) may be generated from a
side that is close to an oxygen introducing portion in the air
electrode of the battery. When a surface of the air electrode is
covered with the discharge product, it clogs a void that oth-
erwise allows a passage of oxygen in the air electrode. Thus,
oxygen diffusion to the inside of the air electrode is sup-
pressed from an initial discharging stage, and the discharging
is inhibited and/or terminated. In other words, the discharge
capacity of the air battery is reduced or eliminated. As the
thickness of the air electrode increases, this problem also
increases.

[0005] Therefore, it is desirable to provide an air battery
that is capable of substantially maintaining oxygen diffusion
to the inside of an air electrode for a long time and is capable
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of obtaining a high discharge capacity during discharging,
and that is capable of preventing oxygen from being retained
inside the air electrode during charging, and a method of
using the air battery.

[0006] Furthermore, it is desirable to provide an air battery
adapted for use with an electronic device. The above-de-
scribed objects and other objects will be apparent from the
description of the following specification with reference to
the attached drawings. Inn various aspects of the present
disclosure, there is provided a battery device including: a
negative electrode; an air electrode; an electrolyte layer that is
positioned between the negative electrode and the air elec-
trode; a first current collector on a first surface of the air
electrode closest to the negative electrode; and a second cur-
rent collector on a second surface of the air electrode posi-
tioned opposite to the negative electrode; where the first cur-
rent collector and the second current collector are each
electrically connected to the air electrode.

[0007] In addition, according to other embodiments of the
present disclosure, there is provided a method of using an air
battery, when using the air battery including a negative elec-
trode; an air electrode; an electrolyte layer that is positioned
between the negative electrode and the air electrode; a first
current collector on a first surface of the air electrode closest
to the negative electrode; and a second current collector on a
second surface of the air electrode positioned opposite to the
negative electrode; where the first current collector and the
second current collector are each electrically connected to the
air electrode, the method including: applying a voltage,
which is positive with respect to the negative electrode, to at
least the first current collector in the first current collector and
the second current collector during discharging; and applying
a voltage, which is positive with respect to the negative elec-
trode, to at least the second current collector in the first current
collector and the second current collector during charging.
[0008] In addition, according to still other embodiments of
the present disclosure, there is provided an air battery adapted
for use with an electronic device including: an air battery,
where the air battery includes a negative electrode; an air
electrode; an electrolyte layer that is positioned between the
negative electrode and the air electrode; a first current collec-
tor on a first surface of the air electrode closest to the negative
electrode; and a second current collector on a second surface
of the air electrode positioned opposite to the negative elec-
trode; where the first current collector and the second current
collector are each electrically connected to the air electrode.
[0009] In various aspects of the present disclosure, the sec-
ond current collector may have an oxygen-permeable con-
figuration. For example, the second current collector may
have, for example, an opening through which oxygen can
permeate. In certain embodiments, the first current collector
and the second current collector may be constructed by a
metallic mesh (a metal having a net structure). The negative
electrode may be constructed by a metallic electrode, or an
electrode that contains at least one kind of metal as a main
component. The negative electrode may contain at least one
kind of metal selected from a group consisting of lithium (L),
potassium (K), sodium (Na), magnesium (Mg), calcium (Ca),
zinc (Zn), and aluminum (Al), but there is no limitation
thereto.

[0010] According to still other embodiments of the present
disclosure, there is provided an air battery adapted for use
with a battery pack including: an air battery; a control unit that
performs a control with respect to the air battery; and a hous-
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ing in which the air battery is accommodated, where the air
battery includes a negative electrode; an air electrode; an
electrolyte layer that is positioned between the negative elec-
trode and the air electrode; a first current collector on a first
surface of the air electrode closest to the negative electrode;
and a second current collector on a second surface of the air
electrode positioned opposite to the negative electrode; where
the first current collector and the second current collector are
each electrically connected to the air electrode.

[0011] In this battery pack, the control unit may perform,
for example, control of charging, discharging, over-discharg-
ing, and over-charging with respect to the air battery.

[0012] Inaddition, according to still other embodiments of
the present disclosure, there is provided an air battery adapted
for use with an electronic device including: an air battery; a
control unit that performs a control with respect to the air
battery; and a housing in which the air battery is accommo-
dated, where the air battery includes a negative electrode; an
air electrode; an electrolyte layer that is positioned between
the negative electrode and the air electrode; a first current
collector on a first surface of the air electrode closest to the
negative electrode; and a second current collector on a second
surface of the air electrode positioned opposite to the negative
electrode; where the first current collector and the second
current collector are each electrically connected to the air
electrode.

[0013] In various embodiments, the electronic device may
be any electronic device and include both a portable type
device and a stationary type device. Various examples of the
electronic device include cellular phones, mobile devices,
robots, personal computers, in-vehicle devices, and various
household electric appliances, among others.

[0014] Inaddition, according to still other embodiments of
the disclosure, there is provided an air battery adapted for use
with an electrically driven vehicle including: a converter to
which electric power is supplied from an air battery and
which converts the electric power to a driving force of a
vehicle; and a control device that performs an information
processing with respect to a vehicle control on the basis of
information related to the air battery, where the air battery
includes a negative electrode; an air electrode; an electrolyte
layer that is positioned between the negative electrode and the
air electrode; a first current collector on a first surface of the
air electrode closest to the negative electrode; and a second
current collector on a second surface of the air electrode
positioned opposite to the negative electrode; where the first
current collector and the second current collector are each
electrically connected to the air electrode.

[0015] Inthe electrically driven vehicle, the convertor may
be is supplied with electric power from the air battery and
rotates a motor to generate a driving force. This motor may
use regenerative energy. In addition, the control device per-
forms, for example, information processing related to a
vehicle control on the basis of a remaining battery power of
the air battery. This electrically driven vehicle includes, for
example, a hybrid car in addition to an electric vehicle, an
electrically driven bike, an electrically driven bicycle, and a
railway vehicle, among others.

[0016] In addition, according to still another embodiment
of the present disclosure, there is provided an air battery
adapted for use with an electric power system that is con-
structed to be supplied with electric power from the air battery
and/or to supply the electric power to the air battery from an
electric power source, where the air battery includes a nega-

Oct. 3,2013

tive electrode; an air electrode; an electrolyte layer that is
positioned between the negative electrode and the air elec-
trode; a first current collector on a first surface of the air
electrode closest to the negative electrode; and a second cur-
rent collector on a second surface of the air electrode posi-
tioned opposite to the negative electrode; where the first cur-
rent collector and the second current collector are each
electrically connected to the air electrode.

[0017] Theelectric power system may be any power system
as long as the power system uses electric power, and includes
a simple electric power device. This electric power system
includes, for example, a smart grid, a household energy man-
agement system (HEMS), and a vehicle, among others, and
may store electricity.

[0018] In addition, according to still other embodiments of
the present disclosure, there is provided an air battery adapted
for use with an electric-power-storage power supply. The
electric-power-supply-storage power supply may be con-
structed in such a manner that an electronic device to which
electric power is supplied is connected thereto, the electric-
power-storage power supply including: an air battery, where
the air battery includes a negative electrode; an air electrode;
an electrolyte layer that is positioned between the negative
electrode and the air electrode; a first current collector on a
first surface of the air electrode closest to the negative elec-
trode; and a second current collector on a second surface of
the air electrode positioned opposite to the negative electrode;
where the first current collector and the second current col-
lector are each electrically connected to the air electrode.
[0019] In certain embodiments, the electric-power-storage
power supply may be used in any electric power system or any
electric power device regardless of the use thereof, but for
example, may also be used in the smart grid.

[0020] In the above-described air battery, from the view-
point of reliably obtaining an effect of generating a discharge
product from a portion of the air electrode on a negative
electrode side during discharging, the air electrode may be
constructed as follows. For example, the discharge over-volt-
age of a portion of the air electrode on a negative electrode
side may be set to be lower than the discharge over-voltage of
other portions. For example, the air electrode may be con-
structed to include a plurality of portions in which discharge
over-voltages are different from each other in a direction from
the negative electrode to the air electrode. For example, cata-
lysts, which have discharge over-voltages different from each
other, may be present in the plurality of portions of the air
electrode, respectively.

[0021] The catalysts described herein may be said to be
“positioned on” or “positioned in” and these terms include
various arrangements of the catalysts; for example, the cata-
lysts may be within a component, or on a component, or
distributed throughout or around components of the battery in
various manners.

[0022] In addition, for example, the air electrode may be
constructed to include a first portion on the negative electrode
side and a second portion on a side that is opposite to the
negative electrode, a first catalyst having a first discharge
over-voltage may be present at the first portion, and a second
catalyst having a second discharge over-voltage higher than
the first discharge over-voltage may be present at the second
portion. In addition, in the air electrode, a first catalyst having
a first discharge over-voltage may be present in a concentra-
tion distribution in which a concentration decreases in a direc-
tion from the negative electrode to the air electrode, and a
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second catalyst having a second discharge over-voltage
higher than the first discharge over-voltage may be present in
a concentration distribution in which a concentration
increases in a direction from the negative electrode to the air
electrode. The increases and decreases in concentrations and/
or discharge over-voltage described herein may be substan-
tially continuous or not.

[0023] In addition, the air electrode may be constructed to
include a first portion on the negative electrode side and a
second portion on a side that is opposite to the negative
electrode, a catalyst may be present at the first portion, the
catalyst may not be present at the second portion, and the
discharge over-voltage of the second portion may be higher
than the discharge over-voltage of the catalyst. Furthermore,
for example, in the air electrode, a catalyst may be present in
a concentration distribution in which a concentration
decreases in a direction from the negative electrode to the air
electrode.

[0024] According to the present disclosure, when a voltage,
which is positive with respect to the negative electrode, is
applied to the first current collector during discharging, it is
advantageously possible to allow a discharge product to be
generated from a portion of the air electrode on a negative
electrode side. Accordingly, it is advantageously possible to
effectively prevent a surface of the air electrode from being
covered with the discharge product, and prevent a void from
being clogged by the discharge product, where the void is a
passage allowing for the flow of oxygen in the air electrode.
As aresult, diffusion of oxygen to the inside of the air elec-
trode may be substantially maintained for a long time, and the
discharging may last to a final discharging stage. In addition,
when a voltage, which is positive with respect to the negative
electrode, is applied to the second current collector during
charging, the discharge product may be advantageously
decomposed from a portion of the air electrode on a side that
is opposite to the negative electrode. Oxygen, which is gen-
erated by the decomposition of the discharge product, may be
smoothly emitted to the outside from an oxygen intake sur-
face of the air electrode after passing through the inside of the
air electrode, and thus the oxygen may be effectively pre-
vented from being retained inside the air electrode.

[0025] According to various embodiments of the present
disclosure, it may be advantageously possible to obtain an air
battery that is capable of substantially maintaining oxygen
diffusion to the inside an air electrode for a long time and is
capable of obtaining a high discharge capacity during dis-
charging, and that is capable of preventing oxygen from being
retained inside the air electrode during charging. In addition,
it is possible to realize a battery pack, an electronic device, an
electrically driven vehicle, an electric power system, and an
electric-power-storage power supply, among others with
improved performance by using the air battery.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] FIG.1isadiagram illustrating an air battery accord-
ing to certain embodiments;

[0027] FIG. 2 is a diagram illustrating a structural example
of the air battery according to certain embodiments;

[0028] FIG. 3 is a view illustrating the air battery shown in
FIG. 2;
[0029] FIG.4isadiagram illustrating structural example of

the air battery according to certain embodiments;
[0030] FIG. 5is a diagram illustrating an air electrode that
is used in the air battery according to certain embodiments;
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[0031] FIG. 6 is a diagram illustrating an operation of the
air battery according to certain embodiments;

[0032] FIG. 7 is a diagram illustrating an air battery accord-
ing to certain embodiments;

[0033] FIG. 8is a view illustrating an air battery according
to certain embodiments;

[0034] FIG.9is adiagram illustrating an air battery accord-
ing to certain embodiments;

[0035] FIG. 10 is a diagram illustrating an air battery
according to certain embodiments;

[0036] FIGS. 11A to 11C are diagrams illustrating an
operation of the air battery according to certain embodiments;
[0037] FIG. 12 is a diagram illustrating an air battery
according to certain embodiments;

[0038] FIGS. 13A to 13D are diagrams illustrating an
operation of the air battery according to certain embodiments;
[0039] FIG. 14 is a diagram illustrating an air electrode of
an air battery according to certain embodiments;

[0040] FIGS. 15A and 15B are diagrams illustrating an air
electrode of an air battery and a catalyst concentration distri-
bution in the air electrode, according to certain embodiments;
[0041] FIG. 16 is a diagram illustrating an air electrode of
an air battery according to certain embodiments;

[0042] FIGS. 17A and 17B are diagrams illustrating an air
electrode of an air battery and a catalyst concentration distri-
bution in the air electrode, according to certain embodiments;
[0043] FIG. 18 is a diagram illustrating a battery pack
according to certain embodiments;

[0044] FIG. 19 is a diagram illustrating a vehicle according
to certain embodiments; and

[0045] FIG. 20 is a diagram illustrating a power system
according to certain embodiments.

DETAILED DESCRIPTION

[0046] The present disclosure contains subject matter
related to that disclosed in Japanese Priority Patent Applica-
tion JP 2012-083480 filed in the Japan Patent Office on Apr.
2,2012, the entire contents of which are hereby incorporated
by reference.

[0047] Hereinafter, certain embodiments of the present dis-
closure (hereinafter, referred to as “embodiments™) are
described. Although reference is made to various numbers of
certain embodiments, the references to the numbers of
embodiments are non-limiting. Thus, the present disclosure
contains detailed description of exemplary embodiments to
provide an understanding of the present disclosure. The
description is made as follows:

[0048] 1. First Embodiment (Air Battery, Manufacturing
Method thereof, and Using Method thereot)

[0049] 2.Second Embodiment (Air Battery, Manufacturing
Method thereof, and Using Method thereot)

[0050] 3. Third Embodiment (Air Battery, Manufacturing
Method thereof, and Using Method thereot)

[0051] 4. Fourth Embodiment (Air Battery, Manufacturing
Method thereof, and Using Method thereot)

[0052] 5. Fifth Embodiment (Air Battery, Manufacturing
Method thereof, and Using Method thereot)

[0053] 6. Sixth Embodiment (Air Battery, Manufacturing
Method thereof, and Using Method thereot)

[0054] 7. Seventh Embodiment (Air Battery, Manufactur-
ing Method thereof, and Using Method thereof)

[0055] 8. Eighth Embodiment (Air Battery, Manufacturing
Method thereof, and Using Method thereot)
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1. First Embodiment

[0056]

[0057] FIG. 1 shows an air battery according to the first
embodiment. As shown in FIG. 1, the air battery include a
negative electrode 11, an air electrode 12, an electrolyte layer
13 that is provided between the negative electrode 11 and the
air electrode 12. The air battery further includes a first current
collector 14 that is provided on a surface of the air electrode
12 on a negative electrode 11 side to be electrically connected
to the air electrode 12, and a second current collector 15 that
is provided on a surface of the air electrode 12 on a side that
is opposite to the negative electrode 11 to be electrically
connected to the air electrode 12.

[0058] The negative electrode 11 is constructed by a mate-
rial that contains at least one kind of metal, and may be a
material that contains at least one kind of metal as a main
component. Examples of this material include elemental
metal including one kind selected from L1, K, Na, Mg, Ca, Zn,
and Al, among others; an alloy formed from two or more
kinds of metals; an alloy of one of these metals and another
metal (for example, an alloy of Li and Si (silicon), or an alloy
of Li and Sn (tin), among others), without limitation. In
addition to this material, the negative electrode 11 may con-
tain another conductive material, binding material, or other
conductive or binding materials. Although the content of the
conductive material or the binding agent that are contained in
the negative electrode 11 is not limited, the content may be as
small as possible to the extent that conductivity of the nega-
tive electrode 11 may be sufficiently obtained and a shape
thereof may be stably maintained. This conductive material
may be either an organic material or an inorganic material.
Examples of the organic material include conductive poly-
mers, and other organic material. Examples of the inorganic
material include carbon-based materials (for example, vari-
ous carbon particles), and other inorganic material. Binding
materials may be used in batteries, such as polyvinylidene
fluoride (PVDF), styrene butadiene rubber (SBR), and poly-
tetrafluoroethylene (PTFE), among others. Metallic foil may
be directly used for the negative electrode 11.

[0059] The air electrode 12 is formed from a conductive
material, a catalyst material, and a binding material, among
others. Although the conductive material is not limited to the
extent that this conductive material has conductivity and may
be resistant to usage conditions of the air battery, for example,
a carbon material such as carbon black, activated carbon, and
carbon fibers is used. Since a discharge product is generated
on a surface of the conductive material during discharging of
the air battery, the conductive material may have a large
specific surface area. In addition, the content of the conduc-
tive material in the air electrode 12 may be as large as possible
from the viewpoint of a battery capacity. As the catalyst
material, an inorganic ceramics such as manganese dioxide
(MnO,), a metal such as gold (Au), platinum (Pt), and palla-
dium (Pd), an organic metal complex such as cobalt phthalo-
cyanine, among others, may be used, but since the above-
described carbon material itself has a catalytic activation, the
catalyst material may not be necessary. A catalyst amount is
not limited, and the catalyst amount may be as small as
possible to the extent that a sufficient catalyst function may be
exhibited with this amount. As the binding material, a binding
material such as PVDF, SBR, and PTFE that are used in a
general battery may be used. The content of the binding
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material is not limited, and the content may be as small as
possible to the extent that a shape of the electrode may be
stably maintained.

[0060] For example, the electrolyte layer 13 includes an
electrolytic solution that carries out conduction of metal ions
between the negative electrode 11 and the air electrode 12,
and a separator that is filled with the electrolytic solution. The
electrolytic solution is not limited and may be selected con-
sidering that the electrolytic solutions have metal ion conduc-
tivity, and an electrolytic solution in which a metal salt is
dissolved in an organic solvent may be used. For example, in
an air battery in which Li is used for the negative electrode 11
as the lithium salt, LiPF, LiClO,, LiBF,, LiCF;SO;, LiN
(CF;S0,),, LiN(C,F;80,),, and LiC(CF;S0,),, among oth-
ers, may beused. Various examples of the organic solvent that
may be used include propylene carbonate, ethylene carbon-
ate, dimethyl carbonate, diethyl carbonate, y-butyrolactone,
1,2-dimethoxyethane, diethylene glycol dimethyl ether, tri-
ethylene glycol dimethyl ether, tetracthylene glycol dimethyl
ether, tetrahydrofuran, acetonitrile, dimethyl sulfoxide, silox-
ane, an ion liquid, and a compound thereof, among others.
Although not limited, a concentration of a salt in the electro-
Iytic solution may be approximately 0.1 to 2 mol/L.. As the
separator that is used for the electrolyte layer 13, for example,
aporous membrane of polyethylene or polypropylene, among
others, a non-woven fabric such as a glass fiber, or others, may
used.

[0061] The electrolyte layer 13 may be a polymer electro-
lyte in which an electrolyte is added to polyethylene oxide, or
a gel electrolyte in which an electrolytic solution is supported
by PVDF, among others. In addition, in a case where a nega-
tive electrode active material is lithium, for example, the
electrolyte layer 13 may be a solid electrolyte such as lithium
ion conductive glass ceramic. In addition, the electrolyte
layer 13 may contain a liquid, a polymer, and a solid electro-
lyte, respectively, or these may be formed in a layer state. For
example, the electrolyte layer 13 may have a three-layer
structure of a polymer electrolyte/a solid electrolyte/a liquid-
based electrolyte from the negative electrode 11 side.

[0062] The first current collector 14 and the second current
collector 15 allow electrons to enter the air electrode 12 and
exit therefrom during charging and discharging of the air
battery. The second current collector 15 is constructed to have
permeability with respect to oxygen in order for oxygen to be
supplied to the air electrode 12 through the second current
collector 15. The first current collector 14 is constructed in
order for metal ions to enter and exit through the first current
collector 14. In various embodiments, the first current collec-
tor 14 and the second current collector 15 are constructed by
a metallic mesh. Although a material of the metallic mesh is
not limited to the extent that the material may be resistant to
a use circumstance of the air battery, a metallic mesh formed
from Ni (nickel) or stainless steal (SUS) may be used. The
hole diameter and other diameters of the metallic mesh are not
limited. In various embodiments, the first current collector 14
and the second current collector 15 are constructed in an
electrically independent manner, but there is no limitation
thereto.

[0063] Structural Example of Air Battery

[0064] FIG. 2 shows a structural example of the air battery.
As shown in FIG. 2, in the air battery, an oxygen-permeable
membrane 16 is provided on the second current collector 15
formed on the air electrode 12. A material of the oxygen-
permeable membrane 16 is not limited. In addition, all of the
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negative electrode 11, the electrolyte layer 13, the first current
collector 14, the air electrode 12, the second current collector
15, and the oxygen-permeable membrane 16 are accommo-
dated inside a housing 17. Openings 17a are formed in an
upper portion of the housing 17, which comes into contact
with the oxygen-permeable membrane 16, and the air (e.g., an
oxygen-containing gas) reaches the oxygen-permeable mem-
brane 16 from the outside through the openings 17a. In addi-
tion, after reaching the oxygen-permeable membrane 16, the
air permeates through the oxygen-permeable membrane 16,
and is supplied to the air electrode 12. The size, shape, and the
number, disposition, and other properties of the openings 17a
may vary.

[0065] FIG. 3 is an example of the view of the air battery
shown in FIG. 2. As shown in FIG. 3, in this example, the air
battery has a rectangular or square planar shape, and overall,
the air battery has a quadrangular prism shape. The openings
17a are formed in the upper portion of the housing 17, which
comes into contact with the oxygen-permeable membrane 16,
in a two-dimensional matrix form. A lead portion 14a leads
out from the first current collector 14 to the outside of the
battery. For example, a lead portion 154 leads out from the
second current collector 15 to the outside of the battery.
Although not shown in FIG. 2, a current collector is provided
on a lower surface of the negative electrode 11 to be electri-
cally connected to this negative electrode 11, and as shown in
FIG. 3, alead portion 11a of this current collector also leads
outto the outside of the battery from. In this example, the lead
portions 11a, 14a, and 15a lead out from only one side surface
of the air battery, but there is no limitation thereto.

[0066] FIG. 4 shows another structural example of the air
battery. As shown in FIG. 4, in this air battery, the oxygen-
permeable membrane 16 is not provided differently from the
air battery shown in FIG. 3. In addition, all of the negative
electrode 11, the electrolyte layer 13, the first current collec-
tor 14, the air electrode 12, and the second current collector 15
are accommodated inside the housing 17. This housing 17 is
accommodated inside a relatively large housing 18. This
housing 18 has airtightness except for one end 184, and the
one end 18a is connected to a gas acquisition port of an
oxygen bomb 19. In addition, oxygen may be supplied to the
inside of the housing 18 in accordance with opening and
closing of the oxygen bomb 19. The openings 17« are formed
in an upper portion of the housing 17, which comes into
contact with the air electrode 12, and oxygen, which is sup-
plied to the inside of the housing 18, is supplied to the air
electrode 12 through the openings 17a.

[0067] Method of Manufacturing an Air Battery

[0068] A method of manufacturing the air battery will be
described.

[0069] The negative electrode 11 may be formed according

to the material that is used.

[0070] AsshowninFIG. 5, the first current collector 14 and
the second current collector 15 are formed on both surfaces
(an upper surface and a lower surface) of the air electrode 12,
respectively. For example, the air electrode 12 including the
first current collector 14 and the second current collector 15
may be manufactured as described below. For example, elec-
trode materials, which are used to manufacture the air elec-
trode 12, are mixed in a predetermined ratio using an organic
solvent such as N,N-dimethyl formamide, N-methylpyrroli-
done, acetone, and isopropyl alcohol, the solvent is suffi-
ciently evaporated, the resultant electrode material mixture is
interposed between two sheet of metallic meshes and is
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pressed, whereby a compressed shape of metallic mesh/air
electrode/metallic mesh is obtained. Alternately, the elec-
trode material mixture containing the solvent is applied to the
metallic mesh by a blade coating method or other methods,
the electrode material is dried, and the metallic mesh is com-
pressed to another metallic mesh.

[0071] The negative electrode 11 and the air electrode 12
are made to face each other through the electrolyte layer 13.
In this manner, as shown in FIG. 1, a target air battery is
manufactured.

[0072] Inacase of using the oxygen-permeable membrane
16 similarly to the air battery shown in FIG. 2, the oxygen-
permeable membrane 16 is provided on the air electrode 12
through the second current collector 15. In addition, as shown
in FIG. 2, all of the negative electrode 11, the electrolyte layer
13, the first current collector 14, the air electrode 12, the
second current collector 15, and the oxygen-permeable mem-
brane 16 are accommodated inside the housing 17.

[0073] Inaddition, in the air battery as shown in FIG. 4, the
housing 17 is accommodated inside the housing 18, and one
end 18a of the housing 18 is connected to a gas acquisition
port of the oxygen bomb 19.

[0074] Method of Using an Air Battery

[0075] In the air battery, during discharging, a voltage,
which is positive with respect to the negative electrode 11, is
applied to the first current collector 14 that is connected to a
surface of the air electrode 12 on a negative electrode 11 side,
or both the first current collector 14 and the second current
collector 15. At this time, metal ions (for example, lithium
ions (Li*)) migrate from the negative electrode 11 to the air
electrode 12 through the electrolyte layer 13, whereby elec-
tric energy is generated. On the other hand, during charging,
a voltage, which is positive with respect to the negative elec-
trode 11, is applied to the second current collector 15 that is
connected to a surface of the air electrode 12 on a side that is
opposite to the negative electrode 11, or both the second
current collector 15 and the first current collector 14. At this
time, the metal ions migrate from the air electrode 12 to the
negative electrode 11 through the electrolyte layer 13,
whereby the electric energy is converted into chemical energy
and is stored.

[0076] During discharging of this air battery, as shown in
FIG. 6, when the voltage, which is positive with respect to the
negative electrode 11, is applied to the first current collector
14, the metal ions from the negative electrode 11 react with
oxygen, which permeates through the second current collec-
tor 15 and is supplied to the air electrode 12, from a portion of
the air electrode 12 on a negative electrode 11 side, and a
discharge product is generated. Then, the discharge productis
generated toward the second current collector 15. For
example, in a case where the negative electrode 11 is formed
from lithium, [i,0,, Li,O, and other Li products may be
generated as the discharge product.

[0077] In addition, during charging of the air battery, as
shown in FIG. 6, when a voltage, which is positive with
respect to the negative electrode 11, is applied to the second
current collector 15, the discharge product, which is gener-
ated inside the air electrode 12, is decomposed from a portion
of the air electrode 12 on a second current collector 15 side.
Therefore, the oxygen, which is generated due to the decom-
position, may be smoothly emitted to the outside from a
surface of the air electrode 12 on a second current collector 15
side after passing through the inside of the air electrode 12,
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and thus retention of oxygen inside the air electrode 12 during
the charging may be effectively suppressed.

[0078] In certain embodiments disclosed herein, the air
battery may be adapted for various uses. For example, there is
provided a method of using an air battery, where the first
current collector and the second current collector are each
electrically connected to the air electrode, the method includ-
ing: applying a voltage, which is positive with respect to the
negative electrode, to at least the first current collector in the
first current collector and the second current collector during
discharging; and applying a voltage, which is positive with
respect to the negative electrode, to at least the second current
collector in the first current collector and the second current
collector during charging.

[0079] In addition, according to still other embodiments of
the present disclosure, there is provided an air battery adapted
for use with an electronic device. In various aspects of the
present disclosure, the second current collector may have an
oxygen-permeable configuration. For example, the second
current collector may have, for example, an opening through
which oxygen can permeate. In certain embodiments, the first
current collector and the second current collector may be
constructed by a metallic mesh (a metal having a net struc-
ture). The negative electrode may be constructed by a metallic
electrode, or an electrode that contains at least one kind of
metal as a main component. The negative electrode may
contain at least one kind of metal selected from a group
consisting of lithium (L1i), potassium (K), sodium (Na), mag-
nesium (Mg), calcium (Ca), zinc (Zn), and aluminum (Al),
but there is no limitation thereto.

[0080] According to still other embodiments of the present
disclosure, there is provided an air battery adapted for use
with a battery pack.

[0081] In this battery pack, the control unit may perform,
for example, control of charging, discharging, over-discharg-
ing, and over-charging with respect to the air battery.

[0082] Inaddition, according to still other embodiments of
the present disclosure, there is provided an air battery adapted
for use with an electronic device including: an air battery; a
control unit that performs a control with respect to the air
battery; and a housing in which the air battery is accommo-
dated.

[0083] In various embodiments, the electronic device may
be any electronic device and include both a portable type
device and a stationary type device. Various examples of the
electronic device include cellular phones, mobile devices,
robots, personal computers, in-vehicle devices, and various
household electric appliances, among others.

[0084] Inaddition, according to still other embodiments of
the disclosure, there is provided an air battery adapted for use
with an electrically driven vehicle including: a converter to
which electric power is supplied from an air battery and
which converts the electric power to a driving force of a
vehicle; and a control device that performs an information
processing with respect to a vehicle control on the basis of
information related to the air battery. In the electrically driven
vehicle, the convertor may be is supplied with electric power
from the air battery and rotates a motor to generate a driving
force. This motor may use regenerative energy. In addition,
the control device performs, for example, information pro-
cessing related to a vehicle control on the basis of a remaining
battery power of the air battery. This electrically driven
vehicle includes, for example, a hybrid car in addition to an
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electric vehicle, an electrically driven bike, an electrically
driven bicycle, and a railway vehicle, among others.

[0085] In addition, according to still another embodiment
of the present disclosure, there is provided an air battery
adapted for use with an electric power system that is con-
structed to be supplied with electric power from the air battery
and/or to supply the electric power to the air battery from an
electric power source. The electric power system may be any
power system as long as the power system uses electric
power, and includes a simple electric power device. This
electric power system includes, for example, a smart grid, a
household energy management system (HEMS), and a
vehicle, among others, and may store electricity.

[0086] In addition, according to still other embodiments of
the present disclosure, there is provided an air battery adapted
for use with an electric-power-storage power supply. The
electric-power-supply-storage power supply may be con-
structed in such a manner that an electronic device to which
electric power is supplied is connected thereto, the electric-
power-storage power supply including: an air battery.

Example
[0087] The air battery was manufactured as described
below.
[0088] The air electrode was manufactured as described

below. Carbon black, manganese dioxide, and PVDF were
weighed in a weight ratio of 73:14:13, and these were added
to N-methyl pyrrolidone solvent, and were mixed and agi-
tated. Then, the solvent was evaporated to prepare a powder
composition. This powder composition was interposed
between two sheets of Ni meshes (Ni-metal wire mesh, manu-
factured by Nilaco Corporation) that were processed in such
a manner that lead portions could be led out from the air
electrode in directions different from each other, and pressing
was performed to manufacture the air electrode. The air elec-
trode that was manufactured in this manner, has a thickness of
approximately 200 um, and the air electrode (excluding the
lead portion) was processed to have a shape of approximately
3 cmx3 cm.

[0089] The negative electrode was manufactured as
described below. For example, a Li metal (3 cmx3 cm) was
compressed on a Ni mesh that was processed into a shape in
which a lead portion could be led out from a negative elec-
trode portion, to mold the negative electrode.

[0090] As the electrolytic solution, an electrolytic solution
obtained by dissolving LiN(CF;S0,), in 1-2-dimethoxy-
ethane in a concentration of 1 mol/L was used. In addition, as
the separator, a glass fiber separator was used. In addition, as
the housing, an aluminum laminated film was used.

[0091] AsshowninFIG. 7, a Li metal negative electrode 23
was disposed on an aluminum laminated film 21 to which a Ni
mesh 22 is connected on a lower surface side thereof. An
electrolytic solution was added dropwise on the [i metal
negative electrode 23, and a glass fiber separator 24 that was
processed to cover the entirety of the L.i metal negative elec-
trode 23, was disposed on the Li metal negative electrode 23.
The electrolytic solution was added dropwise from the upper
side of the glass fiber separator 24, and an air electrode 27, to
which Nimeshes 25 and 26 are connected on an upper surface
and a lower surface, respectively, was disposed on the glass
fiber separator 24. Furthermore, the air electrode 27 was
covered with an aluminum laminated film 28, and lead por-
tions of the Ni meshes 22, 25, and 26 were led out to the
outside of the aluminum laminated films 21 and 28. A view of
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this state is shown in FIG. 8. As shown in FIG. 8, in this state,
heat pressing was performed along three sides of the alumi-
num laminated films 21 and 28 excepting a side from which
the lead portions 22a, 25a, and 264 of the Ni meshes 22, 25,
and 26 were led out to weld the laminated films 21 and 28, and
heat pressing was performed with respect to the remaining
one side under vacuum, whereby the air battery was manu-
factured. In FIG. 8, positions at which the heat pressing was
performed were indicated by reference numerals 28a to 284.
Then, the aluminum laminated film 28 of the air battery that
was manufactured in this manner, on an air electrode 27 side
was processed using a cutter knife or other cutting device to
form an oxygen introducing opening.

[0092] Charging and discharging of the air battery that was
manufactured in this manner, were performed under a pure
oxygen (pressure: 1 atm) atmosphere, it was confirmed that
when the discharging was performed using the Ni mesh 25
(corresponding to the first current collector 14) that was oppo-
site to the Li metal negative electrode 23, during the discharg-
ing, the discharge product was generated in the air electrode
27 from a side that was opposite to the [.i metal negative
electrode 23. Due to this, clogging of a portion of the air
electrode 27 on an aluminum laminated film 28 side to which
oxygen was introduced was suppressed at an initial discharg-
ing stage, and thus the entirety of the air electrode 27 was used
as a reaction field. As a result, a high discharge capacity was
realized. In addition, conversely, when the charging was per-
formed using the Ni mesh 26 (corresponding to the second
current collector 15) on the aluminum laminated film 28 side,
during the charging, the discharge product was decomposed
from a portion of the air electrode 27 on a side to which
oxygen was introduced and oxygen was generated, and thus
the oxygen was stably emitted to the outside of the battery.

[0093] As described above, according to the first embodi-
ment, the air battery includes the first current collector 14 that
is provided on a surface of the air electrode 12 on a negative
electrode 11 side to be electrically connected to the air elec-
trode 12, and the second current collector 15 that is provided
on a surface of the air electrode 12 on a side that is opposite to
the negative electrode 11 to be electrically connected to the air
electrode 12. Accordingly, during discharging, when a volt-
age that is positive with respect to the negative electrode 11,
is applied to the first current collector 14, the discharge prod-
uct may be generated from a portion of the air electrode 12 on
a negative electrode 11 side. Due to this, it is possible to
effectively prevent a surface of the air electrode 12 from being
covered with the discharge product, and prevent a void that is
a passage of oxygen in the air electrode 12, from being
clogged by the discharge product. As a result, diffusion of
oxygen to the inside of the air electrode 12 may be maintained
for along time, and discharging may last to a final discharging
stage. In addition, during charging, when a voltage that is
positive with respect to the negative electrode 11, is applied to
the second current collector 15, the discharge product may be
decomposed from a portion of the air electrode 12 on a second
current collector 15 side. Therefore, oxygen that is generated
by the decomposition of the discharge product, may be
smoothly emitted to the outside from a surface of the air
electrode 12 on the second current collector 15 side after
passing through the inside of the air electrode 12, and thus the
oxygen may be effectively prevented from being retained
inside the air electrode 12. As described above, during dis-
charging, the diffusion of oxygen to the inside of the air
electrode 12 may be maintained for a long time and thus a
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high discharge capacity may be obtained, and during charg-
ing, it is possible to prevent oxygen being retained inside the
air electrode 12, and thus an air battery with high performance
may be obtained.

2. Second Embodiment

[0094] Air Battery

[0095] FIG. 9 shows an air battery according to a second
embodiment. As shown in FIG. 9, in the air battery, an air
electrode 12 has a two-layer structure of a lower air electrode
12a and an upper air electrode 12b. In this case, a second
current collector 15 is provided between the lower air elec-
trode 12a and the upper air electrode 125 to be electrically
connected to the lower air electrode 12a and the upper air
electrode 1254. In other words, in this case, the second current
collector 15 is provided in the air electrode 12 including the
lower air electrode 12a and the upper air electrode 126. Con-
figurations of the air battery other than the above-described
configuration may be similar to the air battery according to
the first embodiment.

[0096] Method of Manufacturing an Air Battery

[0097] The method of manufacturing the air battery is simi-
lar to the air battery according to the first embodiment except
that the air electrode 12 is constructed by a two-layer structure
of'the lower air electrode 124 and the upper air electrode 125,
and the second current collector 15 is provided between the
lower air electrode 124 and the upper air electrode 124.
[0098] Method of Using an Air Battery

[0099] The method of using this air battery is similar to the
air battery according to the first embodiment.

[0100] According to the second embodiment, the same
advantages as the first embodiment may be obtained.

3. Third Embodiment

[0101] Air Battery

[0102] FIG. 10 shows an air battery according to a third
embodiment. As shown in FIG. 10, in the air battery, an air
electrode 12 has a two-layer structure of a lower air electrode
12a and an upper air electrode 12b. In this case, a second
current collector 155 is provided between the lower air elec-
trode 12a and the upper air electrode 125 to be electrically
connected to the lower air electrode 12a and the upper air
electrode 1254. In addition to this, a second current collect 15¢
is provided on the upper air electrode 125 to be electrically
connected to the upper air electrode 1256. Configurations of
this air battery other than the above-described configurations
are similar to the air battery according to the first embodi-
ment.

[0103] Method of Manufacturing an Air Battery

[0104] The method of manufacturing the air battery is simi-
lar to the air battery according to the first embodiment except
that the air electrode 12 is constructed by a two-layer structure
of'the lower air electrode 124 and the upper air electrode 125,
the second current collector 156 is provided between the
lower air electrode 12a and the upper air electrode 125, and
the second current collector 15¢ is provided on the upper air
electrode 125.

[0105] Method of Using an Air Battery

[0106] In further exemplary methods, a voltage is applied
to the first current collector 14 during an initial discharging
stage. At this time, as shown in FIG. 11A, a discharge product
is generated in the lower air electrode 12a. In a middle dis-
charging stage at which the discharging proceeds to some
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extent, a voltage is applied to the second current collector
155b. Atthis time, as shown in FIG. 11B, the discharge product
is generated across the lower air electrode 124 and the upper
air electrode 12b. Furthermore, at a final discharging stage, a
voltage is applied to the second current collector 15¢. At this
time, as shown in FIG. 11C, the discharge product is gener-
ated in the upper air electrode 1264.

[0107] According to the third embodiment, in addition to
the advantages of the first embodiment, the following advan-
tages may be obtained. For example, in the first embodiment,
the discharge product is allowed to be selectively generated in
the air electrode 12 from a side that is close to the first current
collector 14 through a simple operation of applying a voltage
to the first current collector 14 during discharging. However,
in the third embodiment, along with the proceeding of the
discharging, a voltage is sequentially applied to the first cur-
rent collector 14, the second current collector 155, and the
second current collector 15¢, and thus a generation position of
the discharge product may be controlled. In addition, the
generation position of the discharge product in the air elec-
trode 12 may be controlled. Accordingly, the total thickness
of'the air electrode 12 may be increased, and thus the charge
capacity of the air battery may be increased. Furthermore, the
following advantages may be obtained. For example, in the
air battery in which the air electrode is constructed in a single
layer, in a case of forming the air electrode using a porous
carbon, the electrical conductivity of the carbon is not very
high. Therefore, when the thickness of the air electrode
increases, the distance from carbon to the current collect
increases, and thus the electrical resistance therebetween
increases. Conversely, according to the third embodiment, the
air electrode 12 has a two-layer structure of the lower air
electrode 12a and the upper air electrode 125, the second
current collector 1554 is provided between the lower air elec-
trode 12a and the upper air electrode 125, and the second
current collector 15¢ is formed on the upper air electrode 125.
Even when the thickness of the air electrode 12 increases, the
distance from carbon to the current collector becomes short,
and thus an electrical resistance therebetween may be made
small. Accordingly, the output voltage of the air battery may
be improved. Furthermore, for example, during instantaneous
high output of the air battery, when a voltage is applied to all
of the first current collector 14, the second current collector
155, and the second current collector 15¢ at the same time, the
instantaneous high output characteristics may be improved.

4. Fourth Embodiment

[0108] Air Battery

[0109] FIG. 12 shows an air battery according to a fourth
embodiment. As shown in FIG. 12, in the air battery, an air
electrode 12 has a three-layer structure of a lower air elec-
trode 12a, an intermediate air electrode 12¢, and an upper air
electrode 125. In this case, a second current collector 155 is
provided between the lower air electrode 12a and the inter-
mediate air electrode 12¢ to be electrically connected to the
lower air electrode 124 and the intermediate air electrode 12¢.
In addition, a second current collector 15¢ is provided
between the intermediate air electrode 12¢ and the upper air
electrode 125 to be electrically connected to the intermediate
air electrode 12¢ and the upper air electrode 1254. Further-
more, a second current collector 154 is provided on the upper
air electrode 125 to be electrically connected to the upper air
electrode 1256. Configurations of the air battery other than the
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above-described configurations are similar to the air battery
according to the first embodiment.

[0110] Method of Manufacturing an Air Battery

[0111] The method of manufacturing the air battery is simi-
lar to the air battery according to the first embodiment except
that the air electrode 12 is constructed in a three-layer struc-
ture of the lower air electrode 12a, the intermediate air elec-
trode 12¢, and the upper air electrode 1254, the second current
collector 155 is provided between the lower air electrode 12a
and the intermediate air electrode 12¢, the second current
collector 15c¢ is provided between the intermediate air elec-
trode 12¢ and the upper air electrode 125, and the second
current collector 154 is provided on the upper air electrode
12b.

[0112] Method of Using an Air Battery

[0113] In other exemplary methods, a voltage is applied to
the first current collector 14 during an initial discharging
stage. At this time, as shown in FIG. 13A, a discharge product
is generated in the lower air electrode 124. In a discharging
stage at which the discharging proceeds to some extent, a
voltage is applied to the second current collector 155. At this
time, as shown in FIG. 13B, the discharge product is gener-
ated across the lower air electrode 12a and the intermediate
air electrode 12¢. In a discharging stage at which discharging
further proceeds, a voltage is applied to the second current
collector 15¢. At this time, as shown in FIG. 13C, the dis-
charge product is generated across the intermediate air elec-
trode 12¢ and the upper air electrode 125. At a final discharg-
ing stage, a voltage is applied to the second current collector
15d. Atthis time, as shown in FIG. 13D, the discharge product
is generated in the upper air electrode 125.

[0114] According to the fourth embodiment, the following
advantages may be obtained. For example, along with the
proceeding of discharging, a voltage is sequentially applied to
the first current collector 14, the second current collector 155,
the second current collector 15¢, and the second current col-
lector 154, and thus a generation position of the discharge
product may be minutely controlled. In addition, a generation
position of the discharge product in the air electrode 12 may
be controlled, and thus the total thickness of the air electrode
12 may be increased. Furthermore, the following advantages
may be obtained. For example, the air electrode 12 has a
three-layer structure of the lower air electrode 12a, the inter-
mediate air electrode 12¢, and the upper air electrode 125, the
second current collector 154 is disposed between the lower air
electrode 12a and the intermediate air electrode 12¢, the
second current collector 15¢ is provided between the inter-
mediate air electrode 12¢ and the upper air electrode 125, and
the second current collector 154 is provided on the upper air
electrode 125. Accordingly, the distance from carbon to the
current collector becomes short, and thus an electrical resis-
tance therebetween may be made small. As a result, the output
voltage of the air battery may be improved. Furthermore, for
example, during instantaneous high output of the air battery,
when a voltage is applied to all of the first current collector 14,
the second current collector 155, the second current collector
15¢, and the second current collector 154 at the same time, the
instantaneous high output characteristics may be improved.

5. Fifth Embodiment

[0115] Air Battery

[0116] FIG. 14 shows an air electrode 12 of an air battery
according to a fifth embodiment. As shown in FIG. 14, in the
air battery, a first catalyst having a first discharge over-voltage
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is present at a lower portion 12e of the air electrode 12 on a
negative electrode 11 side, and a second catalyst having a
second discharge over-voltage higher than the first discharge
over-voltage is present on an upper portion 12f of the air
electrode 12 on a side that is opposite to the negative electrode
11.

[0117] Examples of materials of the first catalyst and the
second catalyst that may be used, include inorganic ceramics
such as manganese dioxide, a metal such as Au, Pt, Pd, and
Ru, and an organic metal complex such as cobalt phthalocya-
nine, among others. For example, materials of the first cata-
lyst and the second catalyst may be types of materials in
which discharge over-voltages are different from each other
may be selected. These materials may be selected in such a
manner that the second discharge over-voltage becomes
higher than the first discharge over-voltage by 0.01 V or more,
or more preferably 0.1 V or more. As an example, when Ru
and Au, in which discharge over-voltages under similar dis-
charge conditions are different from each other by approxi-
mately 0.1 V, are used as the first catalyst and the second
catalyst, respectively, target characteristics may be realized.
[0118] Configurations of the air battery other than the
above-described configurations are similar to the air battery
according to the first embodiment.

[0119] Method of Manufacturing an Air Battery

[0120] The method of manufacturing the air battery is simi-
lar to the air battery according to the first embodiment except
for the method of manufacturing the air electrode 12. The air
electrode 12 is manufactured as described below. For
example, a first electrode material containing a first catalyst
and a second electrode material containing a second catalyst
are mixed into a predetermined organic solvent in a predeter-
mined ratio, respectively, and the organic solvent is suffi-
ciently evaporated from the first electrode material and the
second electrode material, respectively. After the first elec-
trode material is press-molded on the first current collector 14
constructed by, for example, a metallic mesh, the second
electrode material is placed on the first electrode material, and
the press-molding is again performed. In this manner, the air
electrode 12, in which the first catalyst having a first discharge
over-voltage is present in the lower portion 12¢ and the sec-
ond catalyst having a second discharge over-voltage higher
than the first discharge over-voltage is present in the upper
portion 12/, is manufactured.

[0121] The air electrode 12 may also be manufactured by
the following method. For example, the first electrode mate-
rial in a state of containing the organic solvent is first applied
on the first current collector 14 constructed by, for example, a
metallic mesh, and the applied first electrode material is dried
to evaporate the organic solvent. The second electrode mate-
rial in a state of containing the organic solvent is applied on
the first electrode material, and the second electrode material
is dried to evaporate the organic solvent. In this manner, the
air electrode 12, in which the first catalyst having a first
discharge over-voltage is present in the lower portion 12¢ and
the second catalyst having a second discharge over-voltage
higher than the first discharge over-voltage is present in the
upper portion 12/, is manufactured.

[0122] Method of Using an Air Battery

[0123] The method of using the air battery is similar to the
air battery according to the first embodiment.

[0124] According to the fifth embodiment, in addition to
the advantages of the first embodiment, the following advan-
tages may be obtained. For example, the first catalyst having
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the first discharge over-voltage is present in the lower portion
12e of the air electrode 12 on the negative electrode 11 side,
and the second catalyst having the second discharge over-
voltage higher than the first discharge over-voltage is present
in the upper portion 12fof the air electrode 12 on a side that
is opposite to the negative electrode 11. Accordingly, during
discharging, in addition to the effect of allowing the discharge
product to be generated in the air electrode 12 from the lower
portion 12¢ on the negative electrode 11 side by applying a
voltage to the first current collector 14, it is possible to obtain
an effect of allowing the discharge product to be generated in
the air electrode 12 from the lower portion 12e on the negative
electrode 11 side by distributing the first catalyst and the
second catalyst in the air electrode 12 as described above. The
discharge product may be allowed to be generated in the air
electrode 12 from the lower portion 12¢ on the negative
electrode 11 side in a relatively reliable manner, and thus the
discharge capacity of the air battery may be further increased.

6. Sixth Embodiment

[0125] Air Battery

[0126] FIG. 15A shows a cross-sectional diagram illustrat-
ing an air electrode 12 of an air battery according to a sixth
embodiment, and FIG. 15B shows a schematic diagram illus-
trating a catalyst concentration distribution in the air elec-
trode 12. As shown in FIGS. 15A and 15B, in the air battery,
the air electrode 12 contains a first catalyst having a first
discharge over-voltage and a second catalyst having a second
discharge over-voltage higher than the first discharge over-
voltage in concentration distributions different from each
other in a direction from a negative electrode 11 to the air
electrode 12. For example, in this case, the concentration of
the first catalyst continuously decreases in a direction from
the negative electrode 11 to the air electrode 12, and the
concentration ofthe second catalyst continuously increases in
a direction from the negative electrode 11 to the air electrode
12. As aresult, in a lower portion of the air electrode 12 on a
negative electrode 11 side, the first catalyst is present with a
higher concentration compared to the second catalyst, and in
an upper portion of the air electrode 12 on a side that is
opposite to the negative electrode 11, the second catalyst is
present with a higher concentration compared to the first
catalyst.

[0127] Configurations of this air battery other than the
above-described configurations are similar to the air battery
according to the first embodiment.

[0128] Method of Manufacturing an Air Battery

[0129] The method of manufacturing this air battery is
similar to the air battery according to the first embodiment
except for a method of manufacturing the air electrode 12.
The air electrode 12 is manufactured as described below. For
example, a first electrode material in a state of containing an
organic solvent is first applied on a first current collector 14
constructed by, for example, a metallic mesh, and the applied
first electrode material is dried to evaporate the organic sol-
vent. Before the first electrode material is dried, a second
electrode material in a state of containing an organic solvent
is applied on the first electrode material, and the second
electrode material is dried to evaporate the organic solvent.
Then, the first electrode material and the second electrode
material, which are formed as described above, are press-
molded. As aresult, the air electrode 12, in which in the lower
portion of the air electrode 12 on the negative electrode 11
side, the first catalyst is present with a higher concentration
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compared to the second catalyst, and in the upper portion of
the air electrode 12 on a side that is opposite to the negative
electrode 11, the second catalyst is present with a higher
concentration compared to the first catalyst, is manufactured.
[0130] Method of Using an Air Battery

[0131] The method of using this air battery is similar to the
air battery according to the first embodiment.

[0132] According to the sixth embodiment, similar advan-
tages as the fifth embodiment may be obtained.

7. Seventh Embodiment

[0133] Air Battery

[0134] FIG. 16 shows an air electrode 12 of an air battery
according to a sixth embodiment. As shown in FIG. 16, in the
air battery, a catalyst is present in a lower portion 12g of an air
electrode 12 on a negative electrode 11 side, and the catalyst
is not present in an upper portion 12/ of the air electrode 12 on
a side that is opposite to the negative electrode 11. In this case,
the discharge over-voltage of the catalyst that is present in the
lower portion 12g of the air electrode 12 is lower than the
discharge over-voltage of an electrode material that con-
structs the upper portion 12/ of the air electrode 12, for
example, a conductive material such as carbon.

[0135] Configurations of the air battery other than the
above-described configurations are similar to the air battery
according to the first embodiment.

[0136] Method of Manufacturing an Air Battery

[0137] The method of manufacturing this air battery is
similar to the air battery according to the first embodiment
except for a method of manufacturing the air electrode 12.
The air electrode 12 is manufactured as described below. For
example, a first electrode material containing a catalyst and a
second electrode material not containing the catalyst are
mixed into a predetermined organic solvent in a predeter-
mined ratio, respectively, and the organic solvent is suffi-
ciently evaporated from the first electrode material and the
second electrode material, respectively. After the first elec-
trode material is press-molded on a first current collector 14
constructed by, for example, a metallic mesh, the second
electrode material is placed on the first electrode material, and
the press-molding is again performed. In this manner, the air
electrode 12, in which the catalyst is present in the lower
portion 12g and the catalyst is not present in the upper portion
124, is manufactured.

[0138] Method of Using an Air Battery

[0139] The method of using this air battery is similar to the
air battery according to the first embodiment.

[0140] According to the seventh embodiment, similar
advantages as the fifth embodiment may be obtained.

8. Eighth Embodiment

[0141] Air Battery

[0142] FIG. 17A shows a cross-sectional diagram illustrat-
ing an air electrode 12 of an air battery according to an eighth
embodiment, and FIG. 17B shows a schematic diagram illus-
trating a catalyst concentration distribution in the air elec-
trode 12. As shown in FIGS. 17A and 17B, in the air battery,
the air electrode 12 contain one kind of catalyst, and a con-
centration of this catalyst continuously decreases in a direc-
tion from a negative electrode 11 to the air electrode 12.
[0143] Configurations of the air battery other than the
above-described configurations are similar to the air battery
according to the first embodiment.
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[0144] Method of Manufacturing an Air Battery

[0145] The method of manufacturing this air battery is
similar to the air battery according to the first embodiment
except for a method of manufacturing the air electrode 12.
The air electrode 12 is manufactured as described below. For
example, a catalyst-containing electrode material in a state of
containing an organic solvent is first applied on a first current
collector 14 constructed by, for example, a metallic mesh, and
the applied electrode material is dried to gradually evaporate
the organic solvent. Then, the electrode material, which is
formed in this manner, is press-molded. Accordingly, the air
electrode 12, in which a concentration of the catalyst continu-
ously decreases in a direction from the negative electrode 11
to the air electrode 12, is manufactured.

[0146] Method of Using an Air Battery

[0147] The method of using this air battery is similar to the
air battery according to the first embodiment.

[0148] According to the eighth embodiment, similar
advantages as the fifth embodiment may be obtained.

[0149] FIG. 18 is a diagram illustrating a battery pack
according to certain embodiments. In FIG. 18, the battery
pack 1800 includes a memory 1808 connected to a controller
1810. The controller 1810 is also connected to a current
measurement part 1812, a temperature detector part 1814, a
voltage detector part 1816, and a switch control part 1818.
The current measurement part 1812 is connected to a resistor
1820, which is connected to cells 1822. The cells 1822 are
connected to a resistor 1824, which is connected to the tem-
perature detector part 1814. The cells 1822 are also connected
to a switch 1830 that includes a charge control switch 1832
and a discharge control switch 1834.

[0150] The above referenced components may be encom-
passed by external packaging 1802. The battery pack 1800
also includes a positive electrode terminal 1840 and a nega-
tive electrode terminal 1842, connected as shown. In embodi-
ments, the cells 1822 are an air battery in accordance with the
present disclosure.

[0151] FIG. 19 is a diagram illustrating a vehicle according
to certain embodiments. In particular, FIG. 19 illustrates a
hybrid vehicle 1900 that includes wheels 1902 and drive
wheels 1904. An electric power drive force conversion device
1906 is connected to the drive wheels 1904, and to an elec-
tricity generator 1910, a battery 1912, and a vehicle control
apparatus 1914, as shown. The vehicle control apparatus
1914 is connected to sensors 1916.

[0152] The electricity generator 1910 is connected to an
engine 1918, and the battery 1912 may be connected to a
charge port 1920, which may interface with an external power
supply 1922. Various other components, including structural
and mechanical components, are not shown in FIG. 19. In
embodiments, the battery 1912 is an air battery in accordance
with the present disclosure.

[0153] FIG. 20 is a diagram illustrating a power system
according to certain embodiments. In FIG. 20, the power
system 2000 includes a house 2002 that has a power hub
2004. The power hub is connected to an electric storage
device 2006 interfacing with a control apparatus 2008, which
may include sensors, or be connected to sensors. The electric
storage device 2006 may be connected to power consumption
electronics 2010, including a bath 2012, a refrigerator 2014,
atelevision 2016, and an air conditioner 2018. In addition, the
electric storage device 2006 may be connected to a server
2020, which may reside outside of the house 2002. The elec-
tric storage device 2006 may also be connected to additional
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power consumption electronics 2030, including an electri-
cally driven vehicle 2032, a hybrid vehicle 2034, and a motor-
bike 2036. The power hub 2004 may be connected to power-
generating equipment 2042 and a smart meter 2040, which is
connected to a centralized power system 2050 that includes,
for example, heat power 2052, nuclear power 2054, and
hydraulic power 2056. In embodiments, the connections
between the components in FIG. 20 may be a power network
and/or an information network, and the electric storage
device 2006 may be an air battery in accordance with the
present disclosure.

[0154] Hereinbefore, the certain embodiments and
examples have been described in detail, but the present dis-
closure is not limited to the above-described embodiment and
examples, and various modifications may be made.

[0155] For example, the numerical values, the structures,
the configurations, the shapes, the materials, and other
aspects in the above-described certain embodiments and
examples are illustrative only, and different numerical values,
structures, configurations, shapes, materials, and other
aspects may be used. For example, in the second, third, and
fourth embodiments, the air electrode 12 is divided into two
pieces or three pieces, but may be divided into four pieces or
more. In addition, the catalyst distribution in the air electrode
12 may be a catalyst distribution different from that of the fifth
to eighth certain embodiments to the extent that during dis-
charging, the discharge product is generated from a portion of
the air electrode 12 on the negative electrode 11 side. Fur-
thermore, two or more of the above-described first to eighth
certain embodiments may be combined.

[0156] In addition, the present disclosure may have the
following configuration.

[0157] (1) A battery device, comprising:

[0158] a negative electrode;

[0159] an air electrode;

[0160] an electrolyte layer that is positioned between the

negative electrode and the air electrode;

[0161] a first current collector on a first surface of the air
electrode closest to the negative electrode; and

[0162] asecond current collector on a second surface of the
air electrode positioned opposite to the negative electrode;

[0163] wherein the first current collector and the second
current collector are each electrically connected to the air
electrode.

[0164] (2)Thedevice of (1), wherein the negative electrode
comprises a metal.

[0165] (3) Thedevice of(2), wherein the metal comprises at
least one metal selected from the group consisting of L1, K,
Na, Mg, Ca, Zn, and Al.

[0166] (4) The device of (1), wherein the second current
collector is oxygen-permeable.

[0167] (5)The device of (4), wherein the oxygen permeates
through a hole in the second current collector.

[0168] (6) The device of (1), wherein at least one of the first
current collector and the second current collector com-
prises a metallic mesh material.

[0169] (7) An air battery adapted for use with an electronic
device, comprising:

[0170] anairbattery comprising a negative electrode, an air
electrode, an electrolyte layer that is positioned between
the negative electrode and the air electrode, a first current
collector on a first surface of the air electrode and posi-
tioned closest to the negative electrode, and a second cur-
rent collector positioned on a second surface of the air
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electrode positioned opposite to the negative electrode and
inside of the air electrode, wherein the first current collec-
tor and the second current collector are each electrically
connected to the air electrode; and

[0171] wherein electric power is supplied to the electronic
device from the air battery.

[0172] (8) The air battery of (7), wherein the electronic
device is a portable device.

[0173] (9) The air battery of (7), wherein the electronic
device is a stationary device.

[0174] (10) The air battery of (7), wherein the electronic
device is at least one of a cellular phone, a mobile device,
a robot, a personal computer, an in-vehicle device, and an
appliance.

[0175] (11) The air battery of (7), wherein the electronic
device is an electrically driven vehicle comprising a con-
verter that is supplied with power from the air battery.

[0176] (12) The air battery of (11), wherein the converter
converts the power from the air battery to a driving force of
the vehicle.

[0177] (13) The air battery of (11), further comprising a
control device that processes information related to vehicle
control on the basis of information related to the air battery.

[0178] (14) The air battery of (11), further comprising a
control device that processes information related to vehicle
control on the basis of a remaining power of the air battery.

[0179] (15) The air battery of (11), wherein the vehicle is at
least one of an electric vehicle, a hybrid vehicle, a bicycle,
and a railway vehicle.

[0180] (16) The air battery of (7), further comprising an
electric power system that supplies power to the air battery
from an electric power source.

[0181] (17) The air battery of (7), further comprising an
electric power system, wherein the air battery supplies
power to the electronic power system.

[0182] (18) The air battery of (16), wherein the electric
power system comprises at least one of a smart grid, a
household energy management system, and a vehicle.

[0183] (19) The air battery of (17), wherein the electric
power system comprises at least one of a smart grid, a
household energy management system, and a vehicle.

[0184] (20) A method of manufacturing a battery device,
comprising the steps of:

[0185] forming a negative electrode;
[0186] forming an air electrode;
[0187] forming an electrolyte layer that is positioned

between the negative electrode and the air electrode;

[0188] forming a first current collector on a first surface of
the air electrode closest to the negative electrode;

[0189] forming a second current collector on a second sur-
face of the air electrode positioned opposite to the negative
electrode,

[0190] wherein the first current collector and the second
current collector are each electrically connected to the air
electrode; and

assembling each of the negative electrode, the air electrode,

the electrolyte layer, the first current collector, and the second

current collector to form the battery device. (21)

An air battery comprising:

[0191] a negative electrode containing at least a metal;
[0192] an air electrode;
[0193] an electrolyte layer that is provided between the

negative electrode and the air electrode;
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[0194] afirst current collector that is provided on a surface
of' the air electrode on a negative electrode side to be electri-
cally connected to the air electrode; and

[0195] a second current collector that is provided at least

one of on a surface of the air electrode on a side that is

opposite to the negative electrode and inside the air electrode
to be electrically connected to the air electrode.

[0196] (22) The air battery according to (21),

[0197] wherein the second current collector has an oxygen-

permeable configuration.

[0198] (23) The air battery according to (22),

[0199] wherein the first current collector and the second

current collector are constructed by a metallic mesh.

[0200] (24) The air battery according to (23),

[0201] wherein the negative electrode is constructed by a

metallic electrode, or an electrode that contains at least one

kind of metal as a main component.

[0202] (25) The air battery according to (24),

[0203] wherein the negative electrode contains at least one

kind of metal selected from a group consisting of Li, K, Na,

Mg, Ca, Zn, and Al.

[0204] (26) A method of using an air battery, when using
the air battery including a negative electrode containing at
least a metal, an air electrode, an electrolyte layer that is
provided between the negative electrode and the air elec-
trode, a first current collector that is provided on a surface
of the air electrode on a negative electrode side to be
electrically connected to the air electrode, and a second
current collector that is provided at least one of on a surface
of'the air electrode on a side that is opposite to the negative
electrode and inside the air electrode to be electrically
connected to the air electrode, the method including:

[0205] applying a voltage, which is positive with respect to

the negative electrode, to at least the first current collector in

the first current collector and the second current collector
during discharging; and

[0206] applying a voltage, which is positive with respect to

the negative electrode, to at least the second current collector

in the first current collector and the second current collector
during charging.

[0207] (27) An electronic device comprising:

[0208] an air battery,

[0209] wherein the air battery includes,

[0210] a negative electrode containing at least a metal,
[0211] an air electrode,

[0212] an electrolyte layer that is provided between the

negative electrode and the air electrode,

[0213] a first current collector that is provided on a surface
of' the air electrode on a negative electrode side to be electri-
cally connected to the air electrode, and

[0214] a second current collector that is provided at least
one of on a surface of the air electrode on a side that is
opposite to the negative electrode and inside the air electrode
to be electrically connected to the air electrode.

[0215] The present disclosure, in various embodiments,
includes components, methods, processes, systems and/or
apparatus substantially as depicted and described herein,
including various embodiments, subcombinations, and sub-
sets thereof. Those of skill in the art will understand how to
make and use the present disclosure after understanding the
present disclosure. The present disclosure, in various embodi-
ments, includes providing devices and processes in the
absence of items not depicted and/or described herein or in
various embodiments hereof, including in the absence of such
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items as may have been used in previous devices or processes,
e.g., for improving performance, achieving ease and‘or
reducing cost of implementation.

[0216] The foregoing discussion of the disclosure has been
presented for purposes of illustration and description. The
foregoing is not intended to limit the disclosure to the form or
forms disclosed herein. In the foregoing Detailed Description
for example, various features of the disclosure are grouped
together in one or more embodiments for the purpose of
streamlining the disclosure. The features of the embodiments
of'the disclosure may be combined in alternate embodiments
other than those discussed above. This method of disclosure is
not to be interpreted as reflecting an intention that the claimed
disclosure requires more features than are expressly recited in
each claim. Rather, as the following claims reflect, inventive
aspects lie in less than all features of a single foregoing
disclosed embodiment. Thus, the following claims are hereby
incorporated into this Detailed Description, with each claim
standing on its own as a separate preferred embodiment of the
disclosure.

[0217] Moreover, though the description of the disclosure
has included description of one or more embodiments and
certain variations and modifications, other variations, combi-
nations, and modifications are within the scope of the disclo-
sure, e.g., as may be within the skill and knowledge of those
in the art, after understanding the present disclosure. It is
intended to obtain rights which include alternative embodi-
ments to the extent permitted, including alternate, inter-
changeable and/or equivalent structures, functions, ranges or
steps to those claimed, whether or not such alternate, inter-
changeable and/or equivalent structures, functions, ranges or
steps are disclosed herein, and without intending to publicly
dedicate any patentable subject matter.

[0218] The present disclosure contains subject matter
related to that disclosed in Japanese Priority Patent Applica-
tion JP 2012-083479 filed in the Japan Patent Office on Apr.
2,2012, the entire contents of which are hereby incorporated
by reference.

[0219] It should be understood by those skilled in the art
that various modifications, combinations, sub-combinations
and alterations may occur depending on design requirements
and other factors insofar as they are within the scope of the
appended claims or the equivalents thereof.

What is claimed is:

1. A battery device, comprising:

a negative electrode;

an air electrode;

an electrolyte layer that is positioned between the negative

electrode and the air electrode;

a first current collector on a first surface of the air electrode

closest to the negative electrode; and
a second current collector on a second surface of the air
electrode positioned opposite to the negative electrode;

wherein the first current collector and the second current
collector are each electrically connected to the air elec-
trode.

2. The device of claim 1, wherein the negative electrode
comprises a metal.

3. The device of claim 2, wherein the metal comprises at
least one metal selected from the group consisting of Li, K,
Na, Mg, Ca, Zn, and Al.

4. The device of claim 1, wherein the second current col-
lector is oxygen-permeable.
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5. The device of claim 4, wherein the oxygen permeates
through a hole in the second current collector.
6. The device of claim 1, wherein at least one of the first
current collector and the second current collector comprises a
metallic mesh material.
7. An air battery adapted for use with an electronic device,
comprising:
an air battery comprising a negative electrode, an air elec-
trode, an electrolyte layer that is positioned between the
negative electrode and the air electrode, a first current
collector on a first surface of the air electrode and posi-
tioned closest to the negative electrode, and a second
current collector positioned on a second surface of the
air electrode positioned opposite to the negative elec-
trode and inside of the air electrode, wherein the first
current collector and the second current collector are
each electrically connected to the air electrode; and

wherein electric power is supplied to the electronic device
from the air battery.

8. The air battery of claim 7, wherein the electronic device
is a portable device.

9. The air battery of claim 7, wherein the electronic device
is a stationary device.

10. The air battery of claim 7, wherein the electronic device
is at least one of a cellular phone, a mobile device, a robot, a
personal computer, an in-vehicle device, and an appliance.

11. The air battery of claim 7, wherein the electronic device
is an electrically driven vehicle comprising a converter that is
supplied with power from the air battery.

12. The air battery of claim 11, wherein the converter
converts the power from the air battery to a driving force of
the vehicle.

13. The air battery of claim 11, further comprising a control
device that processes information related to vehicle control
on the basis of information related to the air battery.
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14. The air battery of claim 11, further comprising a control
device that processes information related to vehicle control
on the basis of a remaining power of the air battery.

15. The air battery of claim 11, wherein the vehicle is at
least one of an electric vehicle, a hybrid vehicle, a bicycle, and
a railway vehicle.

16. The air battery of claim 7, further comprising an elec-
tric power system that supplies power to the air battery from
an electric power source.

17. The air battery of claim 7, further comprising an elec-
tric power system, wherein the air battery supplies power to
the electronic power system.

18. The air battery of claim 16, wherein the electric power
system comprises at least one of a smart grid, a household
energy management system, and a vehicle.

19. The air battery of claim 17, wherein the electric power
system comprises at least one of a smart grid, a household
energy management system, and a vehicle.

20. A method of manufacturing a battery device, compris-
ing the steps of:

forming a negative electrode;

forming an air electrode;

forming an electrolyte layer that is positioned between the

negative electrode and the air electrode;

forming a first current collector on a first surface of the air

electrode closest to the negative electrode;

forming a second current collector on a second surface of

the air electrode positioned opposite to the negative elec-
trode,

wherein the first current collector and the second current

collector are each electrically connected to the air elec-
trode; and

assembling each of the negative electrode, the air elec-

trode, the electrolyte layer, the first current collector, and
the second current collector to form the battery device.
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